Introduction
Isatin 3-thiosemicarbazone derivatives and their metal complexes have a broad range of biological activities namely antimicrobial [1] , antiviral [2, 3] , antitumor, anti-inflammatory and antibacterial activities [4] . The investigation of the structure-activity relationships of isatin -thiosemicarbazones for antiviral chemotherapeutic activity revealed that the substitution at the C=O position of the side-chain by another atom or group should result in loss of activity [2] . Recently, structure-activity relationship of 5-fluoro-1H-indole-2,3-dione-3-thiosemicarbazones and 5-fluoro-1-morpholino/piperidinomethyl-1H-indole-2,3-dione-3-thiosemicarbazones were evaluated for in vitro antituberculosis activity against Mycobacterium tuberculosis H37Rv and studied using ETM-ANN method [5, 6] . Antimicrobial activity of Schiff and Mannich bases derived from isatin derivatives has been reported. N- [4-(4-chlorophenyl) thiazol-2-yl] thiosemicarbazide and 1-[N,Ndimethylaminomethyl]-5-bromo isatin-3-{1-[4-(p-chlorophenyl)thiazol-2-yl] thio semicarbazone showed the most favorable antimicrobial activity [1] . 1-(1-((Substituted)methyl)-5-methyl-2-oxoindolin-3-ylidene)-4-(substituted pyridine-2-yl)thiosemicarbazide has been reported to show significant antiinflammatory and analgesic activity [1] .
There are a number of studies on the synthesis of isatin -thiosemicarbazone derivatives. We have reported synthesis, characterization and mechanistic of 5-methoxyisatin 3-[N-(4-chlorophenyl)thiosemicarbazone] [7] . In the present study, zinc(II) and nickel(II)-complexes of 5-methoxyisatin 3-[N-(4-chlorophenylthiosemicarbazone) have been synthesized. The structures of complexes have been determined by 1 H-NMR, IR and UV spectra and elemental analysis (C, H, N, S). Moreover, electronics parameters of H 2 MICP and its zinc(II) and nickel(II)-complexes have also been calculated using B3LYP with the basis set of 6-31G(d,p), 6-311G(d,p), 6-311++G(d,p), 6-311++G(2d,2p). Natural Bond Orbital (NBO) analysis is also reported.
Experimental

Material and Methods
5-methoxyisatin was purchased from Sigma Aldrich. Metal salts were purchased from E. Merck and used without further purification. Infrared spectrum of 5-methoxy isatin and its complexes were measured using KBr pellet on Shimadzu FT-IR 8201 spectrometer. The elemental analysis was carried out on CHNS-932 (LECO) and 1 H-NMR spectra were measured at 400 MHz on a BRUKER DPX-400 spectrometer at the TUBITAK ATAL instrumental analyses laboratory. The electronic spectra of UV-visible zone (200-600 nm) of all the compounds were measured (1 cm quartz cell, 0-2.5 absorbance values range) using Shimadzu UV-1601PC spectrophotometer.
Synthesis
H 2 MICP ligand molecule was synthesized according to literature procedure [7] . 
Bis{5-methoxyisatin-3-[N-(4-chlorophenyl)thiosemicarbazonato]}zinc(II)
[
Theoretical Calculations
All calculations were carried out by employing density functional theory (DFT) with the basis set levels [8] [9] [10] 
Results and Discussion
The B3LYP/6-311G(d,p) optimized structures of H 2 MICP and its zinc(II) and nickel(II)-complexes were shown in Figure 1 .
The possible tautomeric structures for H 2 MICP were calculated using B3LYP/6-31G(d,p), B3LYP/6-311G(d,p), B3LYP/6-311++G(d,p) and B3LYP/6-311++G(2d,2p) basis sets. There is no negative imaginary frequency observed for possible tautomeric forms, indicating that all structures are true minima. The B3LYP/6-311G(d,p) optimized structures of possible tautomeric forms were shown in Figure 2 . As summarized in Table 1 , the A form was found to be most stable than the other forms with all calculation methods like the study in [11] .
The energy differences between most stable and unstable tautomeric forms were found as 34.78 kcal/mol; 21.21 kcal/mol; 32.50 kcal/mol; 31.16 kcal/mol at B3LYP method with 6-31G(d,p), 6-311G (d,p), 6-311++G(d,p) and 6-311++G(2d,2p) basis sets respectively. The dipole moment of A form is the highest of all calculated basis sets while E HOMO of A form is the lowest one. Fukui functions of H 2 MICP were calculated using AOMix program [11, 12] . Fukui functions give information about the reactive regions for nucleophilic and electrophilic attack.
  measures the changes as the molecule gains electrons which indicating the reactivity for nucleophilic attack, while
measures the changes as the molecule losses electrons which indicating the reactivity for electrophilic attack. Table 2 summarizes the Fukui functions for the HOMO and the LUMO of the molecules. Table 2 Neutral and protonated Fukui functions for the HOMO and the LUMO of the H 2 MICP using the different basis sets. The NBO program performs the analysis of a many-electron molecular wavefunction in terms of localized electron-pair bonding units. The program carries out the determination of natural atomic orbitals (NAOs), natural hybrid orbitals (NHOs), natural bond orbitals (NBOs), and natural localized molecular orbitals (NLMOs). These parameters are applicable to perform natural population analysis (NPA) [13] . Bond orbital coefficients as well as the hybrids (percents of s and p character) for H 2 MICP, Zn(II) and Ni(II)-complexes are summarized in Tables 3 and 4 .
As shown in Table 3 Table 5 , while the excitation energies (eV) and oscillator strengths (f) are summarized in Table 6 . Using calculation with the 6-311G(d,p), 6-311++G(d,p), 6-311++G(2d,2p) basis set, the peak which observed experimentally at 370 nm were obtained at 366, 367, 373 and 378 nm, respectively. This absorption is due to 1(HOMO) -1(LUMO) and 4-1 electronic transition. HOMO (1) Table 6 The excitation energies (eV) and oscillator strengths (f). 
UV Studies
H
IR Studies
Experimental and theoretical vibrational assignments of H 2 MICP were carried out with the aid of B3LYP method and 6-31G(d,p), 6-311G(d,p), 6-311++G(d,p), and 6-311++G(2d,2p) basis sets as shown in Table 8 311++G(2d,2p) . The band at 3294 cm -1 belonging to (N 22 H) disappears in its zinc(II) and nickel(II)-complexes. The other two bands nearly remained unchanged in both zinc(II) and nickel(II)-complexes. According to theoretical result, the absorption between 3252 and 2936 cm −1 can be assigned to the vibrational modes of ν(C-H) ringC , ν(C-H) ringA , ν(CH 3 ) met . In the infrared spectrum of C=O for H 2 MICP, we observe the band at 1697 cm ) basis sets, we can assign the band experimentally observed at 1697 cm −1 (IR) is the ν(C= O) vibrational mode. The band observed at 1697 cm -1 for H 2 MICP appeared at 1694 cm -1 for its zinc(II)-complex, indicating that the C=O group is not involved in coordination and at 1670 cm -1 for its nickel(II)-complexes indicating that C=O group is involved in coordination. The absorption at about 850 cm -1 for H 2 MICP is assignable to the vibrational modes involving the C=S group. This absorption is assigned at about 820 cm -1 for its Zn(II)-complex and 818 cm -1 for its Ni(II)-complex due to transfer of charge from sulfur atom to the metal.
Conclusions
New Zn(II) and Ni(II)-complexes of H 2 MICP heve been synthesized, and its theoretical study has also been conducted. For the HOMO, it was found that the main contributions due to the thiosemicarbazone group and isatin group. Vibrational study using B3LYP calculations showed that the disappearance of the (N22H) band of H 2 MICP ligand indicates the deprotonation of the group in coordination. Anaysis of experimental and theoretical UV, IR and NMR data of H 2 MICP ligand and its Zn(II) and Ni(II)-complexes showed that theoretical calculations are in line to supporting the experimental results.
